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One hundred drill core samples were  from Deep Sea Drilling Project (DSDP) 
Sites 94, 98, and 540 were investigated for their palynological contents (pollen, spores, 
acritarchs, dinoflagellate cysts, and dispersed organic matter) to infer the 
paleoenvironmenal and paleoceanographic history of the Gulf of Mexico and the 
Bahamian Platform during the middle Eocene to middle Miocene interval.  At Sites 94 
and 540, abundant dinoflagellate cysts (chiefly Operculodinium centrocarpum, 
Lingulodinium machaerophorum, Impagidinium sp., Nematosphaeropsis sp., and 
Spiniferites spp.) were used as paleoenvironmental indicators. Two alternating 
palynofacies assemblages were identified from dispersed organic matter analysis: 
terrestrially influenced assemblage A and marine dominated assemblage B.  The 
palynofacies and dinoflagellate cyst data indicated shallowing from oceanic to inner 
neritic environment from the Eocene to early Oligocene as global sea level dropped. 
Alternating neritic and oceanic depositional conditions prevailed during the late 
Oligocene and the Miocene. Palynomorphs recovered from these deep-water DSDP Sites 
were evaluated against 11 published studies of the Gulf coastal region and northern 
Colombia to infer the paleovegetation and/or depositional conditions on the adjacent 
landmasses. The drill core samples from Site 98 on the Atlantic side of the Bahamian 
Platform yielded a low diversity palynomorph assemblage. Terrestrially derived 
palynomorphs were extremely rare, and the dominance of amorphous organic matter 
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Palynology has proven to be a useful tool in reconstructing the geologic history 
of Proterozoic and Phanerozoic sequences (Tyson, 1995; Traverse 2007). Organic-
walled microfossils or palynomorphs, such as pollen, spore, dinoflagellate cysts, and 
acritarchs, as well as dispersed organic matter in sediments and sedimentary rocks, 
provide information about paleoenvironments, paleovegetation, paleoecology, 
paleoclimatic changes, and relative ages. Palynomorphs are some of the few markers 
used to correlate terrestrial and marine rock sequences because they are not facies 
restricted. 
 The Deep Sea Drilling Project (DSDP) began in the 1960s to better understand 
the ocean basins. Drill cores from DSDP Sites 94, 98, and 540 were investigated to 
study the offshore palynological record of the eastern Gulf of Mexico and the Bahamian 
Platform (Worzel et al., 1973; Buffer et al., 1984; Hollister et al., 1972; Figure 1.1.). 
Sites 94 and 540, located in the deep Gulf of Mexico, were chosen for this palynological 
study for the following reasons: 1) infer the palynostratigraphy and paleoenvironmental 
conditions during the middle Eocene to middle Miocene, and 2) compare the terrestrial 
palynomorphs preserved in the deep Gulf of Mexico sediments with previously 
published coastal records in order to reconstruct the paleovegetation on the adjacent 
landmasses. The Eocene to Miocene interval underwent climatic and sea level changes 






On the Atlantic side of the Bahamian Platform, Site 98 was drilled in a deep-
water trough (Hollister et al., 1972). The goals of this study were to investigate the 
preservation potential of the palynomorphs in the sediments and to infer the 
paleoenvironmental conditions during the Eocene to Miocene interval.  
Each case study of this project is independently presented in a separate section, 
will be disseminated to the scientific community through two published journal articles.  
 





I. PALYNOMORPH AND PALYNOFACIES ANALYSES OF DSDP SITES 94 
AND 540 IN THE DEEP GULF OF MEXICO: PALEOGENE TO EARLY 
NEOGENE PALEOENVIRONMENTAL IMPLICATIONS  
 
ABSTRACT 
Cored sediments from Deep Sea Drilling Project (DSDP) Sites 94 and 540 in the 
Yucatan Peninsula and south of the Western Florida Escarpment, respectively, provided 
the opportunity for palynological analyses of the Gulf of Mexico during the middle 
Eocene to middle Miocene interval. Palynology can be used to infer some of the 
important paleoceanographic and paleoclimatic changes that occurred during this time 
interval. Palynomorphs and dispersed organic matter were investigated in 56 samples 
from Site 94 and 44 samples from Site 540.  Palynomorphs recovered from these deep-
water DSDP Sites were evaluated against 11 published studies of the Gulf coastal region  
and northern Colombia to infer the paleovegetation and/or depositional conditions on the 
adjacent landmasses. The abundant dinoflagellate cysts, along with kerogen analysis, 
were used in this study as paleoenvironmental indicators. Two palynofacies assemblages 
were identified from numerical analysis: one terrestrially influenced assemblage 
(palynofacies A) and a marine dominated assemblag (palynofacies B). The preservation 
of the dinoflagellate cyst genera Impagidinium and Nematosphaeropsis, and 
occasionally Operculodinium in the middle to upper Eocene core sections suggested 
more oceanic depositional conditions. The lower Oligocene sediments suggested an 




barren of marine palynomorphs at Site 94 (no data at Site 540). These conditions appear 
to coincide with the global drop in sea level during the early Oligocene. Deposition near 
the boundary of neritic and oceanic waters resulted in abundant Spiniferites and 
Operculodinium in the upper Oligocene sediments. Occurrences of Lingulodinium 
machaerophorum indicate that occasional freshwater input must have occurred. 
Operculodinium increased in the lower Miocene core sections as deposition became 
more oceanic. The palynofacies assemblages support paleoenvironmental interpretations 
inferred from detailed dinoflagellate cyst interpretations. 
 Terrestrial palynomorphs, mostly pollen, fluctuated in abundance and were not 
diverse. Carya simplex, Cupressacites hiatipites, Momipites spp., and bisaccate pollen 
were the common types in both onshore and offshore records. These terrestrial 
palynomorphs were relatively small and thin-walled with little or no ornamentation, 
which enhanced traveling distance by water and/or wind from their sources. The few 
terrestrial palynomorphs recovered from Eocene sediments suggested coastal wetland 
sources, whereas the early Oligocene palynomorphs were mostly derived from inland 
sources. The terrestrial palynomorphs from the late Oligocene to the Miocene interval 
were mixed inland and wetland species. 
 
1. Introduction 
Palynology has proven to be a useful tool in reconstructing the geologic history 
of Proterozoic and Phanerozoic sequences including paleoenvironments, 
paleovegetation, paleoecology, paleoclimatic changes, sea level changes, and relative 




be used to correlate terrestrial and marine rock sequences because they are not facies 
restricted. Cored material from the Gulf of Mexico can thus provide important 
information about the geologic history of the region. 
The Gulf of Mexico is a very important basin that has been explored and 
developed for oil and gas for several decades.  Petroleum producing units along the 
coastal Gulf region are typically Cenozoic in age and the wave-dominated 
paleoshorelines commonly create good reservoirs while the deltaic fronts produce source 
rocks (Galloway, 2002). More recent exploration has focused on the deep Gulf of 
Mexico. This oceanic basin dates back to the Late Triassic when the separation of the 
North American plate from the South American and African plates forced the Yucatan 
continental block southwards (Salvador, 1987).  The tensional grabens generated by this 
movement were eventually filled with red beds and volcanics. Although marine 
embayments were created, major flooding of the basin did not occur until the Middle 
Jurassic (Salvador, 1987). During the Early to Middle Jurassic rifting, the first salt 
deposits in the region formed in these restricted embayments. The subsequent rifting 
events that occurred throughout the Jurassic and Cretaceous formed less extensive 
evaporite deposits (Philger, 1981). The Gulf has undergone extensive carbonate and 
siliciclastic deposition since the Jurassic. The sedimentary load shifted both vertically 
downward and laterally into the Gulf; the former generated salt displacements and 
diapirs and the latter formed extensional growth faulting (Peel et al., 1995). 
As part of studies to understand the sedimentation of ocean basins, the Deep Sea 
Drilling Project (DSDP) drilled sites during multiple cruises (legs) in the Gulf of Mexico 




(Fig. 1). DSDP Leg 10 objectives included studying the depositional transition from the 
Gulf of Mexico to the Florida Straits, identifying salt tectonic features, and investigating 
the Mississippi Deep Sea Fan, the Florida escarpment, and Campeche escarpment 
(Worzel et al., 1973). Physical difficulties during drilling at Site 94 prevented extraction 
of long cores for examination.  
 












Fig. 1. Locations of DSDP Sites 94 and 540 in the Gulf of Mexico. 
 
The objectives of DSDP Leg 77 included tectonic evolution and pre-mid-
Cretaceous sedimentation, determining the timing of the opening of the Florida Straits, 




post-mid-Cretaceous sedimentary history in the western Florida Straits (Buffer et al., 
1984).   Part of the post-mid-Cretaceous sedimentary work on DSDP Leg 77, which 
included Site 540, was the examination of hiatuses that occurred in the Gulf of Mexico. 
Hiatuses are the non-depositional or erosional events often caused by bottom water 
currents and water chemistry composistion and represent discontinuities within 
stratigraphic sequences (Moore et al., 1978). Several major Cenozoic unconformities 
have been identified in North America at the basal Thanetian (late Paleocene), basal 
upper Ypresian (early Eocene), basal middle Chattian (late Oligocene), basal 
Burdigalian (early Miocene), basal middle Tortonian (late Miocene), and basal 
Messinian (latest Miocene) (Lang and Watkins, 1984). Some of these unconformities 
provide a framework for stratigraphic work in the Gulf of Mexico and interregional 
correlation. Although a relatively complete Cenozoic section was extracted at Site 540, 
the other sites of Leg 77 consisted of large fragmentary segments. A large hiatus during 
late Oligocene was common to all the drill sites, but multiple smaller hiatuses were 
specific to each drill site (Lang and Watkins, 1984). 
Microfossil studies have been in the forefront in identifying hiatuses, and 
providing paleoenvironmental and paleoclimatic information on both oceanic basins and 
adjacent landmasses. While much microfossil research in the Gulf of Mexico has 
focused on foraminifera and calcareous nannofossils, there is scant information on the 
palynology of the sediments. Since terrestrial palynomorphs can be used for 
stratigraphic correlation between non-marine and marine sequences, their records at 
these deep-water sites were evaluated against published data for Paleogene to early 




conditions on the adjacent landmass.  Prior palynological studies in the region have been 
largely concentrated on the US Gulf coastal plain and the Yucatan Peninsula, and they 
examined mainly terrestrial palynomorphs, such as pollen, spores and fungal spores 
(Lenoir and Hart, 1988; Oboh and Morris, 1994; Frederikson, 1980; Frederiksen, 1998; 
Elsik and Yancey, 2000; Harrington, 2003; Jarzen and Dilcher, 2006; Ramírez-Arriaga 
et al., 2006; Jardine and Harrington, 2008). These studies typically revealed little 
information about marine palynomorphs (dinoflagellate cysts, acritarchs, foraminiferal 
test linings, scolecodonts, etc.). Dinoflagellates and acritarchs flourish in marine 
environments where their cysts are commonly preserved in sediments along with pollen, 
spores, and other terrestrial palynomorphs.  Some dinoflagellates have specific habitat 
requirements that allow their resting cysts to be used in determining paleoenvironmental 
conditions.  
The objectives of this study are to: 1) identify the palynomorphs and dispersed 
organic matter preserved in the middle Eocene to middle Miocene core sections of 
DSDP Sites 94 and 540 (Fig. 2); 2) use dinoflagellate cyst and palynofacies data to 
interpret the depositional conditions of the middle Eocene to middle Miocene interval in 
the Gulf of Mexico; and 3) infer paleovegetation and/or depositional conditions on the 
adjacent landmass by comparing the diversity and types of terrestrial palynomorphs 
preserved in the deep Gulf sediments with published records from the coastal Gulf 
region. These objectives will lead to a better understanding of how the Gulf of Mexico 






2.3. Materials and methods 
Drilling on Site 94 occurred in March of 1970 at a water depth of 1793 m on the 
Campeche escarpment of the northern edge of the Yucatan shelf. While initially 
interpreted as being related to a fault scarp, the escarpment shows evidence of having 
started as a drowned Albian barrier reef that backfilled with sediment (Worzel et al., 
1973). Logan et al. (1969) described the shelf as the submerged part of a limestone 
plateau that gently slopes from the south to north and is bounded by continental slopes, 
which plunge into the Gulf of Mexico and Caribbean Sea. A total of 660 meters of 
middle Eocene to lower Miocene sediments was retrieved and described as transitional 
from a light greenish gray foraminiferal nannofossil ooze to a light greenish gray 
foraminiferal nannofossil ooze/chalk mix with depth (Fig. 2). DSDP Site 540 was cored 
west of the Southern Florida Escarpment in January of 1981. The 335.75 meters of 
sediments retrieved mostly consisted of biogenic calcareous oozes and limestones 
overlying gravity flow deposits of layered and pebbly chalk and limestone (Buffer et al., 
1984).  
The 56 samples used for this study were taken from cores stored at the IODP 
Gulf Coast Repository at Texas A&M University in College Station (Table 1). From the 
40 core sections covering 660 meters of sediment drilled at Site 94, 16 samples were 
obtained from core sections 9 to 14 (2085-2205 meters below seafloor, mbsf). From Site 
540, 44 samples were obtained from core sections 4 to 28 out of the 79 core sections 










Table 1. Inventory of slides used for palynological analysis of DSDP Sites 94 and 540. 
In samples with multiple slides, the numbers for slides analyzed follow in parenthesis. 
     
Locality Core Section Depth (mbsf) Sieved slide no. Kerogen slide no. 
       
Site 94 9 294.50 R260-001(2) R260-001 
Site 94 9 297.50 R260-002(2) R260-002 
Site 94 9 300.87 R260-003(2) R260-003 
Site 94 10 331.87 R260-004(2) R260-004 
Site 94 10 333.21 R260-005(2) R260-005 
Site 94 10 335.02 R260-006(2) R260-006 
Site 94 11 365.36 R500-11 R500-11 
Site 94 11 370.32 R500-12 R500-12 
Site 94 12 371.15 R500-13 R500-13 






Table 1. Inventory of slides used for palynological analysis of DSDP Sites 94 and 540. 
Cont. 
 
Site 94 13 379.00 R046-001(2) R046-001 
Site 94 13 382.02 R046-002(2) R046-002 
Site 94 14 407.19 R046-003(2) R046-003 
Site 94 14 410.93 R500-17 R500-17 
Site 94 16 416.91  R500-18 
Site 94 16 420.31  R500-19 
Site 540 6 43.70 R260-012 R260-012 
Site 540 7 52.97 R260-014 R260-014 
Site 540 7 58.47 R260-015 R260-015 
Site 540 8 61.95 R260-016 R260-016 
Site 540 8 70.38 R260-017 
Site 540 9 71.52 R260-018 
Site 540 9 78.13 R260-019 
Site 540 10 80.99 R260-020 
Site 540 10 86.30 R260-021 R260-021 
Site 540 11 90.70 R260-022 R260-022 
Site 540 11 97.70 R260-023 R260-023 
Site 540 12 100.20 R260-024 R260-024 
Site 540 12 105.94 R260-025 R260-025 
Site 540 13 109.68 R260-026 R260-026 
Site 540 13 117.05 R260-027 
Site 540 14 118.98 R260-028 R260-028 
Site 540 14 126.54 R260-029 R260-029 
Site 540 15 128.70 R260-030 R260-030 
Site 540 15 133.51  R260-031 
Site 540 16 138.15 R260-032 R260-032 
Site 540 16 145.45 R260-033 R260-033 
Site 540 17 147.65 R260-034 
Site 540 17 155.22 R260-035 
Site 540 18 157.00 R260-036 
Site 540 18 161.85 R260-037 R260-037  
Site 540 19 166.65 R260-038 R260-037 
Site 540 19 172.64 R260-039 R260-039 
Site 540 20 176.01 R260-040 
Site 540 20 179.73 R260-041 R260-041 
Site 540 21 185.47 R260-042 
Site 540 21 187.50 R260-043 
Site 540 22 194.80  R500-26 
Site 540 23 205.02  R500-27 
Site 540 23 207.85 R500-28 R500-28 
Site 540 24 214.30  R500-29 
Site 540 24 218.40  R500-30 




Table 1. Inventory of slides used for palynological analysis of DSDP Sites 94 and 540. 
Cont. 
 
Site 540 25 224.74  R500-32 
Site 540 26 233.70 R500-33 R500-33 
Site 540 26 236.20  R500-34 
Site 540 27 242.35 R500-35 R500-35 
Site 540 27 243.24 R500-36 R500-36 
Site 540 28 253.73 R500-37 R500-37 
Site 540 29 261.95 R500-38  
     
  
 
Core sediments were processed using standard laboratory processing (Traverse, 
2007). Carbonates and silicates in the sediments were digested using hydrochloric and 
hydrofluoric acids respectively. Residue from this digestion was used for kerogen slides 
before it was centrifuged in heavy liquid (ZnBr2), and screened through 10 μm sieves. 
Additional slides were prepared from the sieved residue and samples with significant 
organic residue were stained using safranin red to improve visibility of dinoflagellate 
cysts. The slides were scanned for palynomorphs under a transmitted light microscope. 
Three hundred specimens were counted in productive slides or all specimens if the slide 
population was below 300. For the palynofacies analysis, 300 particulate organic 
particles were counted per slide. Organic particles were classified into the following 
categories: terrestrial palynomorphs, marine palynomorphs, structured phytoclasts, 
degraded phytoclasts, opaque particles, comminuted particles, amorphous organic 
material, and fungal remains (see definitions in Oboh-Ikuenobe et al., 2005; Zobaa et al., 
2011). Nikon polarizing microscopes and Nikon Q-Imaging MicroPublisher 3.3 RTV 
digital camera were used in this study. All slides are currently housed in the 






3.1.1. Site 94. Forty-six marine and non-marine palynomorph taxa were identified (Fig. 
3 and 4; Plates 1 and 2). Although palynomorphs were typically scarce to rare in any 
sample, core sections 14 and 16 had particularly poor recovery. Abundant marine taxa 
identified included Operculodinium spp., (5-50%), and Spiniferites spp., (5-20%), in 
core sections 9-12. Identified species of the dinoflagellate cyst Operculodinium included 
O. centrocarpum, O. janduchenei, and O. longispherum.  In core sections 9 and 10, the 
acritarch genera Pterospermella and Micrhystridium comprised 5 to 10% of the total 
palynomorph assemblage. The dinoflagellate cysts Homotryblium spp., 
Hystrichokolpoma sp., and Lingulodinium machaerophorum were generally rare (<5%) 
of the assemblage. Pollen and spores, comprised a smaller proportion of the recovered 
palynomorphs except in core sections 12 to 14, where bisaccate pollen grains and Carya 
simplex constituted 30 to 70% and 10 to 35% of the total palynomorph assemblage, 
respectively. Cupressacites hiatipites constitutes 5 to 20% in all the samples. Spores 
were almost always laevigate. Most spores were classified as either monolete or trilete, 












Fig.3. Relative abundance (in 
percent) of recovered terrestrial 








Fig.4. Relative abundances (in 
percent) of recovered marine 





3.1.2. Site 540. The paucity of palynomorphs in the Site 540 samples makes it almost 
impossible to achieve statistical significance (i.e., 300 points; Holt et al., 2011), resulting 
in the application of presence/absence data for interpretation.  Samples below 185 mbsf 
were particularly low in abundance. Thirty-five palynomorph taxa were identified (Fig. 
5). The dinoflagellate cysts Operculodinium spp. and Spiniferites spp. consistently 
appeared in samples above 185 m, while the acritarch Micrhystridium sp. and the 
dinoflagellate cyst Impagidinium sp. were usually present in the 185 mbsf to 75 mbsf 
interval. Bisaccate pollen and Cupressacites hiatipites were consistently present above 
185 mbsf. As in Site 94, recovered spores were mostly laevigate, although few 





Fig. 5. Presence/absence data for 
palynomorphs recovered in the DSDP 




3.2. Dispersed organic matter 
3.2.1. Site 94. Prior work by Zobaa (2011) revealed a terrestrially influenced 
palynofacies assemblage (palynofacies assemblage A) and a more strongly marine 
influenced assemblage (palynofacies assemblage B) (Fig. 7 and 8; see also Barron et al., 
2013). The lowest part of the core interval studied (420.31-410 mbsf) contained a great 
amount of AOM, in addition to structured and degraded phytoclasts. From 410 mbsf to 
370 mbsf, the assemblage was dominated largely by structured phytoclasts, but 
contained and notable amounts of degraded phytoclasts and opaque components. 
Amorphous organic matter was the dominant component in the 370 mbsf to 310 mbsf; 
structured and degraded phytoclasts constitute up to 30%. The top of the studied interval 
(310-294.5 mbsf) recorded a resurgence of structured and degraded phytoclasts before 
domination by AOM and minor amounts of marine palynomorphs.  Although largely 
accessory components, marine palynomorphs (foraminferal test linings, dinoflagellate 
cysts) were slightly more common than terrestrial palynomorphs (pollen, spores). 
 
 
Fig. 6. Ternary analysis of dispersed organic matter data and palynofacies (modified 







Fig. 7. Dispersed organic matter components at DSDP Site 94 (modified from Zobaa, 
2011). 
 
3.2.2. Site 540. Palynofacies data revealed an abundance of AOM throughout the studied 
interval (Figure 7 and 9), suggesting the dominance of marine influence (assemblage B). 
In all but two samples (assemblage A), AOM comprised greater than 74% of the total 
organic components.  Comminuted particles accounted for up to 34% of the organic 
components in the top sample (43.7 mbsf) but were generally less than 15%.  Structured 




less than 10%. Among this last group, structured phytoclasts were the most common. 
Marine palynomorphs (almost solely dinoflagellate cysts) were slightly more abundant 
than terrestrial palynomorphs. At 43.7 mbsf and 233.7 mbsf, structured phytoclasts and 
comminuted particles constituted over 50% of the dispersed organic matter.  
 




















Plate 1:  Spores and pollen from DSDP Sites 94 and 540. Taxa are followed by slide no. 
and England Finder coordinates. All scale bars are 20 μm. 
1.   Momipites sp. 94R046-003-2, X12 
2.   Chenopodipollis sp. 94R500-17, K32 
3.   Carya simplex 94R260-004-1, N23-2 
4.   Cupuliferoidaepollenites sp.  94R260-001-2, H32 
5.   Alnus sp. 94R046-003-2, T30-2 
6.   Parsonsidites conspicuous (degraded) 540R260-026, O25 
7.   Cupressacites hiatipites 94R046-002-1, S43 
8.   Palmae 94R260-002-1, M39 
9.   Bisaccate pollen 94R260-002-1, E38 
10.   Asteraceae 94R260-004-1, T45 
11.  Malvacipollis tschudyi 94R260-006-2, U30-2 
12.   Perine spore 540R260-039, W31-3 
13.   Laevigatosporites sp. 94R046-001-2, T33 
13.   Gleicheniidites senonicus 94R-500-17-1, Q23 
 
Plate 2: Dinoflagellate cysts and acritarchs from DSDP Sites 94 and 540. Taxa are 
followed by slide no. and England Finder coordinates. All scale bars are 20 μm.  
1,2.   Hystrichokolpoma sp. 94R260-002-2, T22-1 
      94R500-12-1, G30 
3.   Homotryblium floripes 94R500-12-1, G19-2 
4.   Lingulodinium machaerophorum 94R260-005-3, V24 
5.   Operculodinium centrocarpum 94R260-001-1, M32-4 
6.   Operculodinium centrocarpum (degraded) 94R260-031-1, G22-4 
7.   Spiniferities ramosus  94R260-003-2, L30-3 
8.   Spiniferites miribalis 94R260-004-2, T29-2 
9.   Spiniferites bentori 94R260-002-1, H35-1  
10.   Impagidinium sp. 94R260-001-1, M34 
11.   Pterospermella sp. 94R500-17-1, F34-4 



















4.1. Palynostratigraphy. The initial biostratigraphy of Sites 94 and 540 was 
accomplished using foraminifera (Worzel et al., 1973; Buffer et al., 1984). In the present 
study, the palynomorph taxa recovered from the core sediments were generally long 
ranging and often extended beyond the studied interval, making them poor for 
constaining age. One useful taxon, Homotryblium floripes (Plate 2, figure 3), which 
ranges from the middle Eocene to the early Oligocene, was recovered from the Site 94 
sediment (370.32 mbsf). 
 
4.2. Marine environments. Knowledge about present-day dinoflagellates allows 
inferences about past environmental conditions and distance from shore. Several 
dinoflagellate genera have preferred optimal habitats, and their distribution is controlled 
by upwelling, salinity, phosphate and nitrate concentrations, temperature, water depth 
and other factors (Marret and Zonneveld, 2003; Elshanaway et al., 2010).  Diagnostic 
dinoflagellate cysts recovered in this study included species of Nematosphaeropsis, 
Impagidinium and Spiniferites, in addition to Lingulodinium machaerophorum and 
Operculodinium centrocarpum. Information about the current habitats of these taxa was 
used to infer the paleoenvironmental conditions during the middle Eocene to middle 
Miocene (Table 2). While Operculodinium spp. and Operculodinium centrocarpum are 
generally located in outer neritic to oceanic waters, their preferred habitat changes with 
latitude (Wall et al., 1977). Modern day O. centrocarpum often lives very near the 
surface were evaporation raises the salinity of the water (Elshanaway et al., 2010). 




environments, but Spiniferites tolerates oceanic conditions (Limoges et al., 2013). 
Lingulodinium machaerophorum is has strong preference for marine environments near 
river mouths today (Elshanaway et al., 2010). 
 
Table 2. Environmental affinities of dinoflagellates (Wall et al., 1977; Udeze and Oboh-
Ikuenobe, 2005; Elshanaway et al., 2010; Limoges et al., 2013) 
Dinoflagellate cysts Environmental preferences 
Operculodinium centrocarpum Estuary to oceanic; generally neritic to 
oceanic in temperate to tropical climates 
Impagidinium  Coastal to oceanic; increase in abundance 
with water depth 
Nematosphaeropsis  Neritic to oceanic; increase in abundance 
with water depth 
Lingulodinium machaerophorum Estuary to neritic; generally near freshwater 
input 
Spiniferites Neritic but with oceanic tolerance 
 
 At Site 94, the recovery of Nematosphaeropsis and Impagidinium in the late 
Eocene samples indicates deeper marine conditions (Udeze and Oboh-Ikuenobe, 2005; 
Elshanaway et al., 2010; Limoges et al., 2013). The dominance of AOM in the late 
Eocene kerogen slides could be attributed to the degradation of oceanic algae (Oboh-
Ikuenobe and de Villiers, 2003).  The early Oligocene samples were virtually devoid of 
dinoflagellate cysts, but had abundant bisaccate pollen and Carya simplex, both 
considered more upland flora (Frederiksen, 1985). Palynofacies data also indicated a 
strong input of terrestrially derived organic components (palynofacies assemblage A). 
These changes suggested a shallowing upward sequence from the late Eocene to early 




sea level (Haq et al. 1987; Zachos et al., 2001; Miller et al., 2010). The late Oligocene 
sediments recorded an increase in Spiniferites that tapered off into the early Miocene.  
Operculodinium, Impagidinium, and Homotryblium increased in abundance, and 
acritarchs were also preserved in the samples. A reduction in structured phytoclasts until 
the Miocene and resurgence of AOM (palynofacies assemblage B) suggested a change 
from neritic to outer neritic or open oceanic environment.  
Site 540 dinoflagellate cysts were similar to those from Site 94, but their sparse 
recovery at this site made environmental reconstruction difficult. The middle to late 
Eocene core sections included species of the genera Operculodinium and Impagidinium, 
along with large amounts of AOM, indicating a more oceanic environment. The early 
Oligocene samples were processed only for kerogen; however, the result obtained was 
similar to the Eocene data except for the sample at 233.7 mbsf, which contained more 
terrestrially sourced structured phytoclasts. The presence of palynofacies A indicates a 
shallowing or greater proximity to shore during this brief period. In the late Oligocene, 
the occurrence of Lingulodinium machaerophorum, although rare, suggested a greater 
freshwater influence (Elshanaway et al., 2010). The co-occurrence of Spiniferites sp. and 
Operculodinium spp. in the late Oligocene to early Miocene interval was used as 
evidence for neritic to oceanic conditions. Abundant AOM in the kerogen data 
confirmed conclusion, although increases in structured phytoclast and comminuted 
particles in the Miocene samples were consistent with neritic conditions.  
The dinoflagellate cyst assemblages used to infer middle Eocene to middle 
Miocene depositional environmental conditions inferred for Sites 94 and 540 resemble 




respectively (Limoges et al., 2013). Operculodinium and Spiniferites dominated the Site 
94 assemblages, which had few specimens of Impagidinium. However, Impagidinium 
was much more prominent at Site 540 where more moderate amounts of 
Operculodinium spp. and Spiniferites spp. were recovered. 
 
4.3. Adjacent Landmasses. Information about the vegetation and/or depositional 
environment on the landmass adjacent to the Gulf of Mexico was derived from 
comparing the terrestrial palynomorphs preserved in the Sites 94 and 540 cores with 
previously published palynomorph records from the  US and Mexican Gulf coastal and 
northern Colombia. Records were obtained from 11 coastal localities in the U.S., 
Mexico and South America (see Appendix B). Only a small fraction of the 
palynomorphs identified in these 11 studies was found in the Sites 94 and 540 cores. 
These spores and pollen were generally small (20-35 μm), thin-walled and had reduced 
or no ornamentation. Despite their low diversity and numbers, they provided some 
useful paleovegetation information (Table 3). 
 
Table 3. Terrestrial palynomorphs, their botanical affinities, and environmental 
conditions (Frederiksen, 1985; Oboh-Ikuenobe and Morris, 1994; Jardine and 
Harrington, 2008; Jarzen and Dilcher, 2006; Yancey et al. 2003) 
Taxa Affinities Environmental conditions 
Chenopodipollis sp. Chenopodiaceae Arid or coastal 
Carya simplex Juglandaceae Upland or wetland 
Cupressacites hiatipites Taxodiaceae Wetland 
Bisaccate pollen Gymnosperm Upland 
Alnus sp. Betulaceae Upland or montane 








Probably Fagaceae Upland 
Diervillapollenites sp. Diervilla/Weigela Upland 
Graminidites sp. Gramineae (Poaceae) Arid 
Laevigatosporites catajensis Polypodiaceae Fluvial, wetland, deltaic 
Laevigatosporites vulgaris Polypodiaceae Fluvial, wetland, deltaic 
Malvacipollis tschudyi Malvaceae Estuary/bay, cosmopolitan in 
tropics 
Momipites sp. Juglandaceae Wetland 
Momipites coryloides Juglandaceae Wetland 
Quercoidites sp. Fagaceae Upland 
Arecipites sp. Palmae Coastal 
Culpeiferadites sp. Angiosperm pollen Upland 
Parsonsidites conspicuus Apocynaceae, Balanophoraceae Fluvial, deltaic 
Gleicheniidites senonicus Gleicheniaceae Coastal 
 
Very few spores and pollen were preserved in all the middle to late Eocene 
samples.  Rare specimens of Chenopodipollis, Cupressacites, and Asteraceae indicate 
either coastal and the region that sourced the pollen was probably either estuarine or 
coastal plain (Frederiksen, 1985). Early to middle Oligocene samples from Site 94 
recorded increases in Alnus, Carya simplex, Cupressacites, and Momipites and bisaccate 
pollen. Although these pollen are generally found in upland habitats, they can be 
associated with wetland conditions (Frederiksen, 1985). The overall increase in the 
abundance of terrestrial palynomorphs signaled a change to a more terrestrially 
influenced deposition and perhaps a greater proximity to the continent. Bisaccate pollen 
and species of Carya and Momipites decreased in abundance in the middle to late 
Oligocene samples, but Cupressacites remained a significant portion of the terrestrial 
palynomorph assemblage at Site 94 and was present in the samples at Site 540. 




Momipites, Chenopodipollis and Laevigatosporites apparently suggests that the middle 
to upper Oligocene sediments recieved some input from coastal wetland sources. During 
the late Oligocene and early Miocene, possibly more arid conditions on the adjacent 
landmass resulted in the limited presence of Chenopodipollis and bisaccate pollen in the 
sediments (Frederiksen, 1985).   
 
4.4. Continental vs. marine palynological records. The diversities of spores and pollen 
in 11 previously published studies from northern Columbia and the US and Mexican 
Gulf coasts (see Appendix B, Table 4) far exceeded those preserved in the Site 94 and 
540 drill cores. Few dinoflagellate cysts such as Hystrichokolpoma, Impagidinium, and 
Operculodinium were recovered at these coastal locations. Spores and pollen common to 
the 11 sites include species of Arecipites, Bombacacidites, Carya, Cupressacites, 
Deltoidospora, Ephedra, Liliacidites, Momipites, Platycarya, Quercoidites, 
Ulmipollenites and various bisaccate pollen (Harrington, 2008; Harrington, 2003; Jarzen 
and Dilcher, 2006; Ramírez-Arriaga et al., 2006; Jardine and Harrington, 2008; Elsik 
and Yancey, 2000; Frederiksen, 1985; Frederiksen, 1998; Lenoir and Hart, 1988; 
Yancey et al., 2003; Guzman, 1967). Among these genera, Arecipites, Carya, 
Cupressacites, Liliacidites, Momipites, Quercoidites, and bisaccate pollen were 
recovered in the Site 94 and 540 core samples. Spores recovered from processing the 








Table 4. Summary of palynomorphs present in 11 published coastal studies and DSDP 
Sites 94 and 540. 1 = Jarzen and Dilcher (2006); 2 = Ramírez-Arriaga et al. (2006); 3 = 
Jardine and Harrington (2008); 4 = Harrington (2008); 5 = Harrington (2003); 6 = Elsik 
and Yancey (2000); 7 = Frederiksen (1985); 8 = Guzman (1967); 9 = Frederiksen 
(1998); 10 = Lenoir and Hart (1988); 11 = Yancey et al. (2003). 





Spores and Pollen              
Aglaoreidia spp.       x    x   
Alnus spp.  x         x x  
Anacolosidites spp.      x     x   
Arecipites spp.   x      x x x   
Bisaccate pollen   x         x x 
Bombacacidites spp.  x   x      x   
Brosipollis sp.    x x         
Bursera spp.      x     x   
Carya simplex            x x 
Carya sp.         x     
Caryapollenities sp. x  x x      x    
Cedripitites spp.          x x   
Celtipollenites sp. x    x         
Chenopodipollis sp.  x          x x 
Cicatricosisporites spp.   x        x   
Culpeiferadites sp.             x 
Cupressacites sp.  x x x x       x x 
Cupuliferoidaepollenites 
microscabratus            x  
Cupuliferoipollenites sp.   x         x  
Deltoidospora sp. x x x  x         
Dicolpopollis sp.    x  x        
Diervillapollenites sp.            x  
Ephedra sp. x x     x       
Eucommia sp.  x x           
Exesisporites neogenicus      x    x    
Favitricolporites 
baculoferus   x      x     
Gleicheniidites senonicus            x  




Table 4 Cont. Summary of palynomorphs present in 11 published coastal 
studies and DSDP Sites 94 and 540. 
Graminidites spp.  x         x x x 
Intratriporopollenites sp.  x x           
Juglanspollenites sp.  x        x    
Laevigatosporites sp.  x x x   x      x 
Laevigatosporites vulgaris            x  
Lanagiopollis spp. x  x x          
Liliacidites 
matanomadhensis            x  
Liliacidites spp.  x x      x x  x x 
Lygodium sp.   x    x       
Malvacipollis sp.          x x   
Malvacipollis tschudyi x           x  
Milfordia spp.       x    x   
Momipites coryloides         x   x  
Momipites spp. x x x x   x    x x  
Monolete spores  x          x x 
Monoporate            x x 
Monosulcate            x x 
Nudopollis terminalis   x   x   x     
Palmae             x 
Pandaniidites spp.      x     x   
Parsonsidites conspicuus             x 
Perine spore             x 
Pinuspollenites sp. x x        x    
Pistillipollenites 
macgregorii   x   x x  x     
Platycarya spp.    x   x  x  x   
Platycaryapollenites spp. x    x    x     
Plicatopollis sp.   x x          
Poacea             x 
Quercoidites sp. x x          x x 
Rhoipites sp.  x x           
Siltaria spp. x  x           
Sparganiaceaepollenites 
spp.   x    x  x     
Spinaepollis spinosa   x x          
Symplocos aff. S. gemmata      x     x   
Symplocos contracta    x x         
Thomsonipollis sp.  x x           




Table 4 Cont. Summary of palynomorphs present in 11 published coastal 
studies and DSDP Sites 94 and 540. 
Trilete spore             x 
Tripollinites maternus            x  
Triporate sp.            x  
Ulmipollenites sp.  x x x      x    
              
Dinoflagellate cyst              
Batiacasphaera sp.            x x 
Clistosphaeridium sp.            x x 
Homotryblium sp.            x x 
Hystrichokolpoma sp.          x  x x 
Impagidinium sp.          x  x x 
Lingulodinium 
machaerophorum          x   x 
Lingulodinium sp.            x x 
Nematosphaeropsis sp.            x x 
Operculodinium 
centrocarpum          x  x x 
Operculodinium 
janduchenei            x x 
Operculodinium 
longispinigerum            x x 
Operculodinium sp.            x x 
Spiniferites spp.          x  x x 
              
Acritarch              
Leiosphaeridia sp.  X        x  x  
Micrhystridium sp.            x  
Pterospermella sp.            x x 
              
Algae              
Botryococcus sp.             x 
Pediastrum sp.          x    
 
Frederiksen (1985), Tyson (1995), and Traverse (2007) noted that spore and 
pollen recovery generally decreased with increased distance between sampling sites and 
parent plants. These authors also noted that the wind-pollinated plants produced the 
greatest abundance of pollen, and such wind transported pollen traveled the greatest 




no ornamentation. Smaller pollen and spores are more common, but buoyant larger 
specimens can travel to offshore locations as well (Frederiksen, 1985). The Site 94 and 
540 core samples were characterized by low spore and pollen diversity and a higher 
proportion of wind transported pollen. Other than few bisaccate pollen grains, spores 
and pollen were in the 25 to 35 μm size range.  
Palynofacies assemblages (Fig. 8 and 9) have been used to infer a depositional 
model for the study locations (Fig. 10). Palynofacies A contains terrestrial material was 
deposited in a coastal or neritic depositional environment. A neritic to oceanic 
depositional setting is represented by palynofacies Assemblage B. 
 The assemblages confirm the offshore locations of Sites 94 and 540 during the 
middle Eocene to middle Miocene and reason for the disparity in the diversity and 
abundances of palynomorphs between the 11 coastal studies and the Sites 94 and 540. 
The higher abundances of phytoclasts and slightly higher diversity of terrestrial 
palynomorphs in palynofacies assemblage A are attributed to increased input from land 
and shallow marine (inner to middle neritic) environment.  Palynofacies assemblage B is 
indicative of deeper offshore (middle neritic to oceanic) environment. 
 





4.5. Hiatuses. The foregoing discussions are tempered by the existence of hiatuses in the 
sedimentary record, at least at Site 540. Calcareous microfossils (foraminifera), not 
palynomorphs, were used by Buffer et al. (1984) to identify several hiatuses, including a 
significant hiatus during the late Oligocene at DSDP Site 540. Scour marks discovered 
in the core also lend lithologic evidence for these hiatuses. Due to the sparse recovery of 
palynomorphs at the site, along with the long-ranging nature of the taxa, identification of 
hiatuses in the core could not be accomplished. For Site 94, mechanical problems during 











































































































































































































































































The palynological investigation of DSDP Sites 94 and 540 identified and 
quantified palynomorphs and dispersed organic matter, while comparing palynomorphs 
assemblages with onshore studies. Using these environmental indicators and 
palynofacies analysis, paleoenvironmental conditions were inferred for the sites during 
the middle Eocene to middle Miocene interval (Fig. 11 and 12).  Some of the major 
findings are noted below. 
1) Dinoflagellate cyst data, along with kerogen analysis, indicated that the 
marine environment fluctuated between neritic and oceanic conditions. Middle to upper 
Eocene sediments provided evidence of oceanic conditions. Strong terrestrial influence 
suggested that inner neritic conditions dominated during the early Oligocene. The late 
Oligocene experienced alternating oceanic and neritic conditions. Site 94 recorded a 
shift from inner to outer neritic deposition between the middle to late Oligocene. 
Depositional conditions during the early to middle Miocene were inferred to be mostly 
inner to outer neritic.  
2) The dinoflagellate cyst assemblages recovered at Sites 94 and 540 resemble 
those found today off the shallow Gulf coast of Florida and the deeper northern Gulf of 
Mexico (offshore Louisiana, Alabama, and Mississippi), respectively (Limoges et al. 
2013). 
3) One terrestrially influenced palynofacies assemblage (A) and a marine 
dominated assemblage (B) were identified with similar timing at the two sites.  The 
terrestrially influenced assemblage A succeeded the marine assemblage B near the 




assemblage B, while increase in terrestrial input resulted in assemblage A during the 
Miocene. Finally, Site 94 recorded palynofacies assemblage B at the top of the studied 
interval. 
4) A comparison of the terrestrial palynomorphs in 11 published data for the US 
and Mexican Gulf coast and northern Colombia regions to assemblages identified in this 
study indicates that only a small fraction of the palynomorphs from the adjacent 
landmass was preserved at Sites 94 and 540. These spores and pollen were mostly wind 
transported, thin-walled and had reduced or no ornamentation. Coastal wetlands 
supplied the Eocene terrestrial palynomorphs, whereas inland species were contained in 
the lower Oligocene sediments.  The late Oligocene to early Miocene had a mixed 
assemblage of wetland and inland species. 
5)  A near absence of dinoflagellate cysts and increased terrestrial organic matter 
in the sediments recorded the early Oligocene eustatic sea level drop. 
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II. Palynomorph and Palynofacies analyses of Deep Sea Drilling Project Site 98 
Northeast Providence Channel, preservation in a deep-water trough 
 
ABSTRACT 
The Northeast Providence Channel has remained a deep-water trough in the 
Bahaman Platform since the Late Cretaceous. Palynomorph and palynofacies analyses on 
10 samples of the Eocene to Miocene core sections of Deep Sea Drilling Project (DSDP) 
Site 98 revealed an abundance of the dinoflagellate cyst Operculodinium centrocarpum 
and amorphous organic matter. Contrary to the DSDP Site 98 initial report, terrigenous 
palynomorphs and organic matter particles were scarce in all samples rather than being 
completely absent. In general, this study confirms the interpretation that distance from 
shore limited almost all sediment supply from land. 
 
1. Introduction 
Extensive Mesozoic carbonate platforms stretch up the eastern North American 
continent from Grand Banks to the Bahamas. Earliest carbonate sedimentation started in 
the northern regions and progressed southward where it continues today in the Gulf of 
Mexico and Bahamian Platform (Jansa, 1981). The northwestern Bahamian Platform 
consists of the two broad carbonate banks, the Great Bahama Bank and Little Bahama 
Bank. Separating these two are large, deep-water channels, of which one is the Northeast 
Providence Channel (Mullins and Lynts, 1976). The deep-water trough likely formed in 
the late Santonian (Late Cretaceous) from normal faults created during the rifting of 
North America and Africa 180 to 200 million years ago (Hollister et al., 1972).  




Late Cretaceous to modern times. These sediments are primarily composed of oozes and 
chalks formed from calcareous and siliceous microfossils. DSDP Site 98 (Fig. 1) 
investigated the Northeast Providence Channel and recovered 122 meters of sediment 
from a 357-m hole (Hollister et al., 1972). Based on petrographic and geophysical 
characteristics, four units have been identified: a middle Eocene to Pleistocene-Holocene 
soft chalk, a early to middle Eocene soft chalk rich in siliceous radiolarian tests and 
sponge spicules, a Paleocene micritic chalk with limestone turbidites, and an unsampled 
unit considered to be Late Cretaceous in age (Mullins and Lynts, 1976).  Hollister (1972) 
noted that terrigenous sediments and microfossils were largely lacking in the cored 
sediments.  
The goals of this study included 1) identification of palynomorphs and dispersed 
organic matter in the Site 98 drill core; 2) and use palynofacies and palynomorph data to 
make inferences about terrestrial supply to the deep-water trench during the Eocene to 






Fig.1. Location of DSDP Site 98 in the Northeast Providence Channel, Bahamas 
2. Materials and methods 
Sediments used in this study were sampled from the DSDP Site 98 core stored at 
IODP Gulf Coast Repository at Texas A&M University. From the core, 10 samples were 
collected for processing (Table 1) and they consisted of mostly calcareous ooze with 
some calcite, siliceous fossils, and clay. Drilling for the core was performed on April 19, 
1970 and took place in a water depth of 2750 meters, reaching a total depth of 3107 
meters. Of the 357 m drilled, 15 cores were recovered for 122 meters of total sediment. 
Core sections 4, 5, and 6 from the drill site were investigated in this study. 
Core sediment was processed using standard laboratory processing as outlined in 




additional processing with heavy liquid (ZnBr2) and screening through 10 μm sieves. 
Samples with significant organic residue were stained using safranin red to improve 
visibility of dinoflagellate cysts. Slides made from sieved residues were scanned for 
palynomorphs under a transmitted light microscope. Three hundred specimens were 
counted in productive slides or all specimens if the slide population was below 300. For 
palynofacies analysis, 300 particulate organic particles were counted on kerogen slide. 
Organic particles were classified into the following categories: terrestrial palynomorphs, 
marine palynomorphs, structured phytoclasts, degraded phytoclasts, comminuted 
particles, amorphous organic material (AOM), and fungal remains (Oboh-Ikuenobe et al., 
2005). Nikon polarizing microscopes and Nikon Q-Imaging MicroPublisher 3.3 RTV 
digital camera were used in this study. All slides are currently housed in the 
palynological collection at Missouri University of Science and Technology.  
 
Table 3.1. Inventory of slides used for palynological analysis of DSDP Sites 98.  
     
Locality Core Section Depth (mbsf) Sieved slide no. Kerogen slide no. 
       
 
Site 98 4 64.30 R260-007 R260-007 
Site 98 5 94.44 R260-008 
Site 98 5 95.01 R260-009 R260-009 
Site 98 5 96.56 R260-010 R260-010 
Site 98 5 98.10 R260-011 
Site 98 6 130.73  R500-20 
Site 98 6 132.56  R500-21 
Site 98 6 133.85  R500-22 
Site 98 6 135.12  R500-23 
Site 98 6 137.25  R500-24 
Site 98 6 138.54  R500-25 






Twenty-six taxa were recovered and identified from the core sediments (Fig. 2). 
Whereas core section 5 preserved abundant of dinoflagellate cysts, cores 4 and 6 failed to 
reach statistical significance and thus required the use of presence and absence data (Holt 
et al., 2011).  Samples from core 6 yielded <20 highly degraded palynomorph specimens 
per slide, some of which undergone high thermal maturity. Monoporate pollen and 
monolete spores were most common in core section 6, with degraded dinoflagellate cysts 
and bisaccate pollen making up most of the rest. Core section 5 had the best recovery of 
all the sections and yielded an abundance of dinoflagellate cysts. Operculodinium 
centrocarpum comprised over 90% of the total assemblage, in addition to few 
Cupressacites hiatipites and bisaccate pollen. Lingulodinium machaerophorum was rare 
in this section. Core section 4 yielded very palynomorphs, which included Cupressacites 











Plate 1:  Palynomorphs from DSDP Sites 98. Taxa are followed by slide no. and England 
Finder coordinates. All scale bars are 20 μm. 
1.   Chenopodipollis sp.   98R046-003-2, X12 
2.  Bisaccate pollen   98R260-008, X29-2 
3.  Carya simplex    98R260-008, W30-2 
4.   Spiniferities sp.    98R260-009, X26 
5.  Operculodinium centrocarpum  98R260-009, T28-4 




 Fig. 2. Presence/Absence of palynomorphs recorded in DSDP Site 98 core  
 sections 4-6.  
 
Palynofacies analysis of the Site 98 core revealed an abundance of AOM (Fig. 3). 
AOM constituted over 80% of all samples. Below 120 mbsf, while dominated with 
AOM, some samples contained up to 10% of structured phytoclasts. In the 95-120 mbsf 




structured phytoclasts and comminuted particles recording the largest increases. Above 
95 mbsf, structured and degraded phytoclasts, marine palynomorphs and fungal remains 
decreased in abundance. Terrestrial palynomorphs increased slightly in abundance before 
tapering off. Opaques and comminuted both increased  in abundance up-section in this 
interval. 
 






4.  DISCUSSION 
Northeast Providence Channel has remained a deep-water trough since the Late 
Jurassic and as such has likely seen little input from terrestrial sources.  This study has 
confirmed this interpretation because of the extremely low abundance and diversity of 
pollen and spores, which were generally either very small, or were wind transported 
pollen such as monoporates or bisaccates.  
Dinoflagellate cysts were neither abundant nor diverse as would have been 
expected of a marine environment. Several factors could attribute to this poor recovery 
including cyst transport away from the depositional site, aerobic bottom water conditions, 
or an abundance of species sensitive to degradation (Zonneveld et al. 2007). The 
domination of the early Miocene (97-94 mbsf) samples by Operculodinium centrocarpum 
likely indicates that the depositional environment at this time was oceanic (Limoges et 
al., 2013; Elshanaway et al., 2010; Wall et al., 1977; Wall, 1967).  
 A marine setting is confirmed by the domination of AOM in the sediments. The 
slight increase of comminuted and opaque particles up section could be explained an 
increase of terrestrial supply. 
Palynomorphs recovered in this study are long-ranging in the fossil record, 
extending through and beyond the studied interval.   
 
3.6. CONCLUSION 
This study of DSDP Site 98 analyzed the Eocene to Miocene cores for 
palynomorphs and dispersed organic matter, which were used to infer 




their absence, very few terrestrial palynomorphs were recovered.  Pollen and spores were 
often fragmented, and Operculodinium centrocarpum was recovered in abundance in the 
early Miocene core sections. In addition, the predominance of AOM in all samples 
provides evidence that the Bahamas region received little terrestrial supply.  
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The palynological investigation of DSDP Sites 94, 98 and 540 revealed 
paleooceanographic and paleoenvironmental information. Sites 94 and 540 showed 
fluctuations between neretic and oceanic conditions evidenced by changing dinoflagellate 
cysts taxa and palynofacies assemblages.  The Early Oligocene in particular showed the 
global sea level drop as dinoflagellate cysts were nearly absent.  Site 98 was an deep-
water trench environment with little environmental change and rare terrestrial material. 
Taxa recovered from core sections were generally long ranging and of little use 
constraining age.  Homotryblium floripes was recovered at Site 94 confirming the late 
Eocene to early Oligocene interval. 
DSDP Sites 94, 98, and 540 preserved only a small portion of the palynomorphs 
seen in studies from northern Colombia, the US and Mexican Gulf of Mexico coast. As 
































APPENDIX B: PALYNOMORPH SPECIES PRESENT IN 11 PUBLISHED GULF 
COASTAL STUDIES AND DSDP SITES 94 AND 540. 1 = Jarzen and Dilcher 
(2006); 2 = Ramírez-Arriaga et al. (2006); 3 = Jardine and Harrington (2008); 4 = 
Harrington (2008); 5 = Harrington (2003); 6 = Elsik and Yancey (2000); 7 = 
Frederiksen (1985); 8 = Guzman (1967); 9 = Frederiksen (1998); 10 = Lenoir and 














Spores and Pollen              
Abelia sp.       x       
Abies spp.           x   
Aesculiidites circumstriatus         x     
Aglaoreidia pristina  x            
Aglaoreidia pristina       x       
Aglaoreidia spp.       x    x   
Alangiopollis barghoornianum          x    
Alangiopollis spp.           x   
Alianthipites berryi         x     
Alnipollenites versus          x    
Alnus spp.  x         x x  
Alyxia sp.       x       
Amanoe? Spp.           x   
Anacolosidites spp.      x     x   
Annona? Spp.           x   
Anthocerisporis europaeus          x    
Aquilapollenites spinulosus   x           
Araliaceoipollenites profundus   x           
Arecipites spp.   x      x x x   
Artemisiidites mirus          x    
Asteracea            x  
Azolla bohemica          x    
Azolla sp.       x       
Baculatitriletes sp.          x    
Basopollis obscurocostatus         x     
Betulaceae/Myricaceae type   x           
Betulaceoipollenites sp.          x    
Bisaccate pollen   x         x x 
Bombacacacidites nacimientosis         x     
Bombacacacidites reticulatus         x     
Bombacacidites spp.  x   x      x   
Bombapollis spp.           x   
Bombapollis texensis      x        
Brevitricolpites sp.        x      
Brosipollis sp.    x x         
Bursera spp.      x     x   




Calamuspollenites spp.           x   
Camarozonosporites sp.   x           
Caprifoliipites—Salixipollenites       x       
Cardiospermum sp.        x       
Carex spp.           x   
Carya simplex            x x 
Carya sp.         x     
Caryapollenites prodromus         x     
Caryapollenities sp. x  x x      x    
Casuarinidites sp.  x            
Cedripitites spp.          x x   
Celtipollenites sp. x    x         
Celtispollenites tschudyii    x          
Chenopodipollis sp.  x          x x 
Choanopollenites alabamicus         x     
Choanopollenites aff. C. 
consanguineus         x     
Choanopollenites conspicuus         x     
Choanopollenites patricius         x     
Choanopollenites sp. x             
Chomotriletes vedugens          x    
Cicatricosisporites dorogensis          x    
Cicatricosisporites spp.   x        x   
Complexiopollis patulus   x           
Corsinipollenites oculusnoctis          x    
Corsinipollenites sp.  x            
Corsinipollenites? Verrucatus         x     
Corylipollenites sp .          x    
Culpeiferadites sp.             x 
Cupania sp.       x       
Cupressacites sp.  x x x x       x x 
Cupuliferoidaepollenites 
microscabratus            x  
Cupuliferoipollenites sp.   x         x  
Curvularia spp.           x   
Cycadopites follicularis   x           
Cycadopites? spp.           x   
Deflandrea sp.          x    
Delitschia spp.           x   
Deltoidospora juncta          x    
Deltoidospora sp. x x x  x         




Densosporites convensis          x    
Dicolpopollis sp.    x  x        
Diervillapollenites sp.            x  
Diporicellaesporites sp.          x    
Diporisporites sp.          x    
Diverrucosisporiteks rutzschii          x    
Dyadisoirutes ellipsus          x    
Dyadosporites sp .          x    
Echimorphomonocolpites solitarius        x      
Echinatipollis sp.          x    
Echitricolporites spinosus            x  
Echitriporites trianguliformis        x      
Echnicatisporis bockwitzensis          x    
Engelhardtioipollenites punctatus          x    
Enopadios reticulatus      x        
Ephedra sp. x x     x       
Ephedripites eocenipites          x    
Ephedripites sp          x    
Ericipites annulatus        x      
Eucommia sp.  x x           
Exesisporites neogenicus      x    x    
Extratriporopollenites sp.       x       
Faguspollenites granulata          x    
Faguspollenites sp.         x     
Favitricolporites baculoferus   x      x     
Ficus spp.      x        
Ficus? spp.           x   
Fovcotricolpites pomarcus        x      
Foveolatisporite slenestratus          x    
Foveosporis fovearis          x    
Foveotricolpites sp. x             
Foveotriletes sp.  x            
Foveotriporites hammenii         x      
Foverotrilates margaritae          x    
Friedrichipollis claibornensis      x        
Fusiformisporites crabbii          x    
Gemmamonocolpites barbatus        x      
Gleichenia sp.       x       
Gleicheniidites senonicus            x  
Gleicheniidites spp.           x   




Graminidites spp.  x         x x x 
Heterocolpites palaeocenica        x      
Heterocolpites paluster        x      
Hoheria sp.      x        
Holkopollenites charmendensis    x          
Holkopollenites chemardensis         x     
Horniella sp.   x           
Hypoxylon sp.          x    
Hypoxylonites spp      x        
Inapertisporites variabilis          x    
Inaperturopollenites sp          x    
Insulapollenites regulatus         x     
Interpollis microsupplingensis    x     x     
Interpollis paleocenicus         x     
Interpollis paleocenica           x    
Intratriporopollenites instructus    x          
Intratriporopollenites 
psuedinstructus         x     
Intratriporopollenites sp.  x x           
Jarzenipollenites trinus    x          
Jarzenipollis trinus         x     
Juglans spp.      x        
Juglanspollenites sp.  x        x    
Juglanspollenites versus          x    
Jussitriporites sp .          x    
Kyandopollenites anneratus         x     
Labrapollis globosus         x     
Laevigatosporites sp.       x       
Laevigatosporites catajensis            x  
Laevigatosporites haardti          x    
Laevigatosporites sp.  x x x         x 
Laevigatosporites vulgaris            x  
Lanagiopollis cribellatus         x     
Lanagiopollis lihokus         x     
Lanagiopollis spp. x  x x          
Leguminosaepites sp.  x            
Leiotriletes ardiennis          x    
Leptolepidites sp.  x            
Liliacidites intermedius          x    
Liliacidites matanomadhensis            x  
Liliacidites spp.  x x      x x  x x 




Iodes sp.       x       
Longapertites sp.          x     
Longapertites sp. aff. 
Longapertites sp2         x     
Lusatisporis dettmannae  x            
Lycopidiumsporites sp .          x    
Lycopodiumsporites agathoecus          x    
Lycospora sp.          x    
Lygodium sp.   x    x       
Lymingtonia sp.  x            
Maceopolipolennites/ Momipites 
spp.           x   
Magnaperiporites sp.  x            
Magnastriatites howardii       x       
Magnatriporites abstractus        x      
Magnotetradites magnus        x      
Malpighiaceoidites sp.  x            
Malvacipollis sp.          x x   
Malvacipollis spinulosa  x            
Malvacipollis tschudyi x           x  
Margocolporites sp.  x            
Matanomadhiasculcites maximus         x     
Mediocolpopollis sp.   x           
Microfoveolatosporis 
pseudodentatus   x           
Microreticulatisporites sp.          x    
Microsporonites cacheutensis          x    
Milfordia incerta         x     
Milfordia minima         x     
Milfordia spp.       x    x   
Momipites coryloides         x   x  
Momipites dilatus         x     
Momipites flexus         x     
Momipites microfoveolatus         x     
Momipites nicholsii         x     
Momipites spp. x x x x   x    x x  
Momipites strictus         x     
Momipites tenuipolus         x     
Monocolpopollenites tranquillus   x           
Monolete spores  x          x x 
Monoporate            x x 
Monoretonites sp.          x    




Mutisiapollis spp      x        
Myocolpopollenites reticlatus         x     
Myriophyllum sp.       x       
Myrtaceidites parvus         x     
Nothofagidites sp.          x    
Nothofagus tschudyi      x        
Nudopollis sp.              
Nudopollis endangulatus         x     
Nudopollis terminalis   x   x   x     
Nudopollis thiergartii         x     
Nuxpollenites claibornensis      x        
Nuxpollenites crockettensis      x        
Nuxpollenites psilatus    x          
Nypa spp.           x   
Nyssapollenites spp.   x       x    
Ongracites ?annularis          x    
Osmundacidites spp.      x        
Osmundacidites wellmanii          x    
Osmundacidites? sp.          x    
Pachysandra sp.       x       
Palaeocystodinium sp.          x    
Palmae             x 
Pandaniidites spp.      x     x   
Papilionoideae sp.       x       
Papillopollis partialis        x      
Paraalnipollenites confusus         x     
Parsonsidites conspicuus             x 
Parthenocissus sp.       x       
Pellicaria spp.           x   
Perfotricolpites digitatus        x      
Perine spore             x 
Periporopollenites stigmosus          x    
Perisyncolporites sp.  x            
Phragmothryrites eocaenicus          x    
Picea spp.           x   
Pinus spp.           x   
Pinuspollenites sp. x x        x    
Piolencipollis endocuspoides         x     
Pistillipollenites macgregorii   x   x x  x     
Pityosporites sp.  x            




Platycarya platycaryoides         x     
Platycarya spp.    x   x  x  x   
Platycaryapollenites spp. x    x    x     
Platycaryapollenites swasticoides         x     
Platycaryapollenites triplicatus         x     
Plicatopollis sp.   x x          
Plicatopollis triorbicularis         x     
Plicatopollis triradiatus         x     
Poacea             x 
Podocarpidites sp. x             
Polotricolporites concretus        x      
Polotricolporites mocinnii        x      
Polyadopollenites sp.  x            
Polyadosporites suescae          x    
Polyatriopollenites stellatus   x           
Polygalacidites sp.  x            
Polypodiaceisporites abuncus          x    
Polypodiaceisporites spp.           x   
Polypodiisporites sp.  x            
Polypodiisporonites vulgare          x    
Porocolpopollenites ollivierae         x     
Porocolpopollenites sp.   x           
Potamogeton sp.       x       
Proxapertites operculatus        x      
Proxapertites spp.         x     
Pseudolaesopollis ventosus      x        
Pseudoplicapollis limitatus   x           
Psilasyncolporites parvus        x      
Psilatricolpites minutus        x      
Psilatricolpites polaroides        x      
Psilatricolporites sp.  x            
Psilatricolporites obscurus        x      
Psilatricolporites vanus        x      
Psilodiporites iszkaszentgyorgyi         x     
Psilodiporites sp.         x     
Psuedolaesopollis ventus         x     
Psuedoplicapollis limitatus         x     
Psuedoplicapollis sp. aff. 
P.endocuspus         x     
Psuedostephanocolpites perfectus        x      
Psuedostephanocolpites verdi        x      




Quadrapollenites vagus         x     
Quadrapollis sp.   x           
Quercoidites henrici          x    
Quercoidites sp. x x          x x 
Quercopollenites granulatus          x    
Quercus spp.      x        
Racemonocopites romanus        x      
Retibrevetricolpites increatus        x      
Reticuloidosporites pseudomurus      x        
Reticuloidosporites sp.   x           
Retidiporites magdalennesis        x      
Retimonocolpites microreticulatus        x      
Retistephanocolpites angeli        x      
Retistephanocolpites minutus        x      
Retistephanocolporites sp.    x          
Retitetracolpites sp. x             
Retitrescolpites anguloluminosus         x     
Retitrescolpites sp.   x           
Retitricolpites absolutus        x      
Retitricolpites hispidus        x      
Retitricolpites maledictus        x      
Retitricolpites minutus        x      
Retitricolpites perforatus        x      
Retitricolporites irregulus        x      
Retitricolporites medius        x      
Retitricolporites profundus        x      
Retitricolporites sp. x             
Retitricolporoidites sp. x             
Retitricopite sp.          x    
Retitriletes sp.  x            
Retitriporites federicii        x      
Retitriporites tilburgii        x      
Rhamnaceaepollenites sp.  x            
Rhizophora spp.      x     x   
Rhoipites angustus         x     
Rhoipites sp.  x x           
Rousea sp.   x           
Rudolphisporis sp.          x    
Rugubivesiculites convolutus          x    
Rugulitriporites sp.  x            




Salicipollenites sp.   x           
Salixpollenites sp.  x            
Salvinia sp.       x       
Sapindaceidites sp.  x            
Sapotaceoidaepollenites manifestus          x    
Sarcococca sp.       x       
Saxosporis duebenensis          x    
Scabrastephanocolpites 
vaneguensis        x      
Sciadopityspollenites sp.       x       
Sequoiapollenites sp.   x   x        
Siltaria spp. x  x           
Smilax sp.       x       
Sparganiaceaepollenites spp.   x    x  x     
Sphagnumsporites stereoides?          x    
Spinaepollis spinosa   x x          
Spinaepollis spinosus         x     
Spinizonocolpites echinatus x             
Stereigranisporis sp.  x            
Stereisporites sp.       x       
Stereisporites stereoides   x           
Striatricolporites sp.  x            
Striatricolporites semistriatus        x      
Subtriporopollenites anulatus         x     
Subtriporopollenites nanus         x     
Symplocoipiollenites sp.   x           
Symplocos aff. S. gemmata      x     x   
Symplocos contracta    x x         
Symplocos? Virginiensis         x     
Syncolporites tenuis          x    
Tasmanites sp.          x    
Taxodiaceaepollenites sp.       x       
Tetracellites sp.          x    
Tetracolporopollenites spp.           x   
Tetrapola sp.          x    
Tetrastigma sp.       x       
Thomsonipollis magnificans         x     
Thomsonipollis sp.  x x           
Tiliaepollenites indubitabilis          x    
Tiliaepollenites sp. x             
Triatriopollenites aroboratus      x     x   




Triatriopollenites galiformis         x     
Triatriopollenites sparsus         x     
Triatriopollenites subtriangulus         x     
Triatriopollenites triangulus         x     
Tricolpites crassus    x          
Tricolpites crassus         x     
Tricolpites reticulatus         x     
Tricolpites sp.   x           
Tricolpopollenites parmularius          x    
Tricolpopollenites parmularius          x    
Tricolporopollenites megadolium   x           
Tricolporopollenites sp.   x           
Triculpate            x  
Triculpites asper         x     
Trilete spore             x 
Trilites sp          x    
Trinovantedinium sp          x    
Tripollinites maternus            x  
Triporate sp.            x  
Triporopollenites palaeobetuloides         x     
Triporopollenites pulcher         x     
Trivestibulopollenites betuloides          x    
Trivestibulopollenites sp.   x           
Trudopollis pertrudens   x           
Trudopollis plenus         x     
Trudopollis spp.         x     
Tsuga spp.           x   
Ulmipollenites krempii         x     
Ulmipollenites sp.  x x x      x    
Ulmipollenites tricostatus         x     
Ulmipollenites undulosus         x     
Verrutricolpites irregularis        x      
Verrutricolporites sp. x             
Viburnum sp.       x       
Warkallisporonites sp.          x    
Zlivosporis novamexicanum   x           
Zonocostites ramonae      x        
              
Dinoflagellate cyst              
Achomosphaera aff. A. triangulata          x    




Apteodinium tectatum          x    
Batiacasphaera sp.            x x 
Clistosphaeridium sp.            x x 
Cometodinium obscurum          x    
Cometodinium whitei?          x    
Cribroperidinium sp.          x    
Cribroperidinium tenuitabulatum          x    
Cribroperidinium sp.          x    
Cribroperidinium tenuitabulatum          x    
Dapsilidinium sp.             x 
Glaphyrocysta intricata      x        
Homotryblium sp.            x x 
Hystrichokolpoma aff. H. 
Denticulatus          x    
Hystrichokolpoma rigaudae          x    
Hystrichokolpoma sp.          x  x x 
Hystrichosphaeropsis obscura          x    
Impagidinium sp.          x  x x 
Impletosphaeridium sp.          x    
Kallosphaeridium biornatum      x        
Labyrinthodinium sp.          x    
Lejeunecysta hyalina          x    
Lingulodinium machaerophorum          x   x 
Lingulodinium sp.            x x 
Melitasphaeridium choanophorum          x    
Multispinula aff.minuta          x    
Muratodinium aff. M. Fimbratium          x    
Nematosphaeropsis sp.            x x 
Operculodinium centrocarpum          x  x x 
Operculodinium janduchenei            x x 
Operculodinium longispinigerum            x x 
Operculodinium sp.            x x 
Polykrikos sp.          x    
Polysphaeridium zoharyi          x    
Selenopemphix aff. S. armata          x    
Selenopemphix aff. S. nephroide          x    
Selenopemphix sp.          x    
Spiniferites buccinus          x    
Spiniferites aff. nodosus          x    
Spiniferites aff. pseudofurcatus          x    
Spiniferites aff. S. ramosus          x    




Sumatradinium hispium          x    
Surculosphaeridium sp.          x    
Tectatodinium aff. T. pellitum          x    
Tuberculodinium vancampoae          x    
              
Acritarch              
Leiosphaeridia sp.  x        x  x  
Micrhystridium sp.            x  
Pterospermella sp.            x x 
              
Algae              
Botryococcus sp.             x 
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